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Introduction
The main purpose of this paper is to consider the theoretical foundations for NNP as a welfare measure. This is an important basis for the discussion of extensions of NNP to include changes in environmental quality or the nations resource base.
Environmental resources are crucial for economic development. In spite of this fact, a standard measure of economic development, the national product, takes no account of changes in a country's resource base. This has led to the claim that NNP or GNP should be changed to account for the changes in environmental resource base. It is, however, not obvious that this is the best response to the problem. No single measure can give a complete account of the development of a complex body like a national economy. For simplicity and overview of the development, it is preferable with few measures. On the other hand, aggregating things that do not belong together will not add clarity.
The claim that NNP or GNP should be extended has got considerable attention from non-economists. Postel (1990) argues for including development of environmental variables in GNP, but she provides no economic theory to guide us to what kind of conclusions we can draw from this redefined GNP. Still the lack of account for environmental variables in GNP is taken as evidence that economist ignore environmental problems. This illustrates the symbolic importance of national accounting figures. The separation of national product and indicators of the development in environmental resource base, indicates that a good environment is a costly luxury good, rather than an important input for the economy. I consider this as a very important point, but a further discussion will unfortunately be beyond the scope of this paper.
To give an outline of the paper: In section 2 we will present a result due to Weitzman (1976). He proved that in an economy with infinite lived agents with perfect foresight and linear utility, NNP is proportional to welfare defined as the discounted value of the infinite stream of utility for the representative agent. We will demonstrate that this is only true with stationary technology, wish excludes dynamic economic policy and technical progress. We will also point out that NNP as defined in Weitzman (1976) does not correspond to either real or nominal NNP, since it is calculated at current prices in utility units. We will also prove that the result cannot be 2 generalized to the case of non-linear utility.
In section 3 we consider the possibility of using marginal changes in NNP as a measure of marginal changes in welfare. We demonstrate that the change in NNP will not measure the changes in welfare due to a marginal change in policy. Furthermore, NNP growth is only a measure of changes in welfare under the assumption that economic policy is unchanged and that the rate of return is equal to the discount rate. Finally we show that we NNP from different countries is not a measure of relative welfare.
In section 4 we discuss the definition and properties of national wealth, and in section 5 we show that if all prices are exogenous, then welfare is a increasing function of wealth. In section 6 we will argue that the assumption of exogenous prices cannot be relaxed. Section 7 summarizes the results and concludes that NNP is not a welfare measure in any reasonable sense.
NNP and the level of welfare
We will start with the result from Weitzman (1976). The result states that in a Ramsey model with linear utility, NNP is proportional to the present value of the optimal consumption stream. I.e., Consider the problem of choosing consumption and investment to find 14(Kt) = max C(s)e-r(")ds, (1) subject to (Ct,kt) E S(K), (2) where k = --df t . The set S(K), is the technology, wish only depends upon Kt , and is independent of t. The problem can be interpreted as the optimal consumption problem for a representative agent with linear utility. Weitzman (1976) proved that there exist competitive prices Pt such that rV(Kt ) + ptkt * = Yi *, (3) where C* and K* is the optimal solution to (1) and (2).
It is well known that the optimal solution for the representative agent is equal to the competitive solution in a decentralized economy. Hence the competitive prices pt is equivalent the adjoint variables from the corresponding 3 optimal control problem, and hence Yt* is equal to the hamiltonian evaluated at the optimal policy. V(Kt ) is the total discounted utility for the representative agent. We will refer to V as "welfare" though this definition of welfare is admittedly oversimplified. Defining V as welfare, we see that NNP is proportional to welfare, i.e., NNP is a welfare measure.
Weitzman also interpreted Yt* as NNP, and concluded that NNP proportional to welfare. There is one problem with this interpretation. P t is current prices measured in utility units, which is different from nominal current prices. Thus Yt cannot be interpreted as nominal NNP. Real NNP on the other hand is measured using a set of prices, po , from a base year. Thus yt* cannot be interpreted as real NNP. This inaccuracy on the timing of prices turn out to be an important problem for the theory.
Let us disregard this problem for a moment. How can a measure that depends only upon the value of current consumption and investment reflect the infinite stream of future utility? The answer is that we have assumed that the representative agent have infinite horizon perfect foresight. His current choice of consumption and investment reflects the value of alternative future spending. Thus the assumption of perfect foresight is crucial. We have also assumed that the agents do not die, but this assumption can be relaxed. As shown in Barro (1974) it is possible to derive the same equilibrium if the next generations utility is an argument in the current generation's utility function. The model also assumes full certainty, but this assumption can also be relaxed. For a further discussion on the properties of the market solution under different assumption, see Blanchard and Fisher (1989) .
To summarize this discussion we can conclude that the theory of NNP as a welfare measure relies on very strong assumptions. On the other hand, is it usually impossible to derive an empirical measure without strong assumptions. The purpose of this paper is, however, to show that even if we accept these assumptions as a reasonable approximation of reality, the theory does not prove that NNP is a welfare measure. The intuition behind this result is straightforward. With linear utility, the resource should be extracted as soon as possible. Any delay will be a loss, due to discounting. On the other hand, a rapid extraction of a finite resource, must lead to a rapid fall in NNP towards the level corresponding to no resource extraction.
Nonlinear utility with many commodities
In the previous section we assumed linear uti ity, and only one commodity. A more general and reasonable assumption is to consider an economy with many commodities and assume a non-linear iistantaneous utility function. I.e. we assume that the representative agent aximizes:
where Ct is a consumption vector.
To generalize Weitzman's result to this case, let eft = u(Ct), and define the production possibility set: 
in production possibilities outside this point. On the other hand, changes in technology outside this point, is obviously important for changes in welfare. Since changes in prices usually are second order effects that can be ignored in a marginal analysis, it may seem contra intuitive at first glance that it is the price changes that captures the welfare changes. The price changes would have been a second order effect if we were considering a marginal exogenous changes in investment and consumption, but in the analysis above we were considering a marginal change in policy, 0, and this will have a first order effect on both prices and quantities.
An alternative linear approximation of the welfare function will be useful in the following. This can be derived by linearizing the utility function. Note that the un observable term in (12) is u(Ct *). Thus alternatively we may use a linear approximation of u. By a Taylor expansion of u we get:
Using the equilibrium condition pit = --8-4--(C*) we get: t rV(Ks ) u(C7) NNP8,t (Pa -Pt)Ita
where NNI),,t is the net national product at time s measured by prices at time t and its is average level of investment from time t to s. We noted in section 2 that there was a problem in indentifying yt* as either nominal or real NNP. An interesting observation at this point is that NNP,,t corresponds to the real NNP, measured at time s with base prices from time t. I will thus use the approximation in (17) in the following.
Evaluating NNP growth
In the case of linear utility we demonstrated that it may be optimal to minimize economic growth. But in that example the resource stock was declining over time, and we may expect welfare to decline as well. It may still be true that changes in NNP over time is a measure of changes in welfare.
Equation ( 
Comparing NNP figures from different countries
Suppose that we are comparing the NNP development in two countries, which start at the same NNP level in period t. Suppose furthermore that NNP is growing faster in one countries than in the other. Can we conclude that the government in the country with highest growth is using the best economic policy?
Given our previous findings, a negative answer to should come as no surprise. To demonstrate that the answer is negative, consider the case in Example 1. Suppose that both countries have the same production function. The only difference is that country 1 has reserves )(It that is higher than the resource reserves for country 2, X2t. Suppose furthermore that d.Xit = and that country 1 actually uses the policy d while 2 uses j. Then initial NNP is equal, and as utility is linear, the two countries are initially equally well off though X1t > X2t. As 1 uses an inferior policy, her growth rate will be highest.
Proposition 4
In comparing NNP between countries, differences in NNP level doses not indicate differences in welfare level, and differences in NNP growth do not indicate the relative success of the economic policy.
National wealth
To discuss possible definition of national wealth, we first have to know what to mean by "wealth". The word is commonly used in financial economics. In these applications the "wealth" has a very specific structure. If we can define a national wealth with the same structure, we could use wealth management results from financial theory, to evaluate the development in national wealth. Let us thus first consider the structure of a financial wealth.
Let Pt be an n-dimensional vector of prices at time t on n different assets, and let bt be the vector of dividends payed to the asset holders. Let Ot E Rn be the number of assets an agent owns at time t. The wealth Wt is the total value of all assets: Wt = pOt (20)
Prices and dividends are usually considered as exogenously given to the agents, especially the value of the different assets is independent of the agent's utility function. The wealth is of no interest if we cannot spend it for consumption. An agent holding Ot_i assets when entering period t, and choosing the portfolio et in period t, will get consumption Ct, given as:
Finally, explicit solution of wealth management problems usually requires no restriction on Ot , except that wealth must be positive.
We have identified tree central properties of a financial wealth.
It is the total value of all assets.
2. It can be spent on consumption, and its size is independent of the utility of the wealth owner. Let J*, X* and C* be the optimal policy. Let K* be the corresponding path of capital, and let ir; be income:
We can prove that 71-; is the path that maximizes net present value of future income, i.e. if ir is a feasible income path, theni 00 00 t=o t=o it(1 + r) < _ 71(1 + r) t .
The interpretation of this result is that in a centrally planned economy, the government should choose production to maximize present value of future income, the planner do not have to consider optimal consumption simultaneously. 2 We define national wealth at time t as: 
We can then prove that the optimal consumption path is the one that maximizes U(Co, C1 , ...), subject to: 6 National wealth in a large economy
In the previous section we considered an economy where all prices were exogenously given. This is not the case for most national economies. 
With only one period, the wealth is equal to the value of total production.
But, by this formula, the wealth is independent of the size of the production of good 2. The reason for this is very simple. When prices are determined domestically, the equilibrium price on good two is higher, the less the production is. In this specific case, the two effects cancels out, leaving the value of the production of good two independent of the size of the production. This example demonstrates that economic welfare is not an increasing function of wealth unless the economy is so small that all prices can be taken as exogenously given. On the other hand, comparing wealth at the same point in time, and the same set of prices but for different policies, is equivalent to a cost benefit analysis. Under the assumption that makes benefit minus cost in a CB analysis a welfare measure, changes in wealth is a measure of changes in welfare. To extend this to changes in wealth from one year to an other, other assumptions most likely have to be added. Furthermore, calculation in Aslaksen et.al. (1990) shows that changes in wealth include a huge stochastic term, independent of economic policy. A useful welfare measure would have to correct for this. A throughout analysis of these problems are beyond the scope of this paper.
Summary and Conclusions
Le us first summarize our findings before we turn to the conclusion about NNP or wealth as welfare measures. Proposition 1 states that the assumption of stationary technology is essential. This already excludes economies with technical changes and consideration of dynamic economic policy. Some of these problems my be overcome by introducing new capital component, e.g. we may introduce technical change through human capital. These extra capital components may be hard to measure. More important is the exclusion of dynamic policy. It is hard to se how to resolve that problem. Proposition 1 also states that under the assumption of stationary policy and linear utility, the level of current NNP is proportional to welfare. We noted that the result was unclear as to whether this referred to real or nominal NNP. Proposition 2 states that the results derived under the assumption of linear utility, cannot be generalized to non-linear utility. Thus generally the level of NNP is not proportional to welfare. Even if we accept the discounted value of future consumption as a reasonable concept of economic welfare, this observation poses a problem.
Proposition 3 consider the possibility of using changes in NNP as a measure of changes in welfare. The proposition states that changes in real NNP is proportional to changes in welfare only under the assumption that economic policy is unchanged and that the shadow price of investments is unchanged over time. Furthermore, most welfare effects of changes in economic policy is not measured by changes in NNP. These conclusions are true even for linear utility.
Finally, Proposition 4 states that comparing level or growth of NNP for different countries, does not allow us to draw conclusion about relative welfare or success of economic policy.
Given these results it is hard to see that NNP can be a welfare indicator in any reasonable sense. Note however, that we do not claim that NNP is un correlated to economic welfare. NNP is likely to be correlated to u(Ct), and thus correlated to welfare as defined in this paper.
The last proposition states that in a small open economy, welfare is an increasing function of national wealth. A small open economy is defined as an economy where all prices are exogenously given. Unfortunately, this assumption seems to be essential.
The ultimate critique of using NNP as a welfare measure, is to point at a better alternative. Does there exist any better alternative? A national economy is very complex. The changes in the economy from one year to another range from unemployment, investment, productivity and technical progress to changes in the environmental resource base. Moreover, closely related to development in economic welfare are areas like culture, science or crime. It is not at all obvious that it will make much sense to try to make one measure that should account for total economic development. An obvious alternative to NNP as a welfare measure is to have separate indicators for consumption, development in environment and resources.
I will conclude by underlining that to let welfare only depend upon Ct is an unreasonalby narrow concept of welfare. Important aspects of welfare are disregarded, like distribution, unemployment, quality of environment, and political freedom, just to mention some. Instead of searching for a single indicator for this narrow concept of welfare, it would be more interesting to discuss extensions of this concept (see Dasgupta (1991)), and to derive a set of indicators for this extended concept of welfare.
